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Structural and magnetic properties of the new Bi-doped Gd22xBixCuO4 system are reported. With
the doping of larger trivalent Bi31 ions, the T8 phase solubility region is retained in the range of
0<x<0.1. Weak ferromagnetic or canted antiferromagnetic ordering temperature TN(Cu) of Cu
moments decreases from 282 K for Gd2CuO4 to 258 K for Gd1.93Bi0.07CuO4 and 256 K for
Gd1.9Bi0.1CuO4 . Due to small internal field H int associated with weak ferromagnetic order, the spin
reorientation temperature Tsr~Cu) is field dependent and decreases from 24 K in 1 G to 12 K in 1
kG for Gd1.95Bi0.05CuO4 . Preliminary powder x-ray Rietveld refinement analysis using the T8 phase
ideal oxygen position indicates a large temperature factor B for the oxygen sites in the Cu–O plane
and suggests that the degree of oxygen structural distortion may be closely related to the strength of
weak ferromagnetic order. © 1999 American Institute of Physics. @S0021-8979~99!15608-1#In the tetragonal T8-~214! R2CuO4 insulating system ~R
5Nd, Pr, Sm, Eu, Gd!, Gd2CuO4 with the smaller Gd31
ionic radius is the only member in which the metal–insulator
transition and thus superconductivity cannot be induced by
Ce41 electron doping in R22xCexCuO4 .1–4 Unlike pure an-
tiferromagnetic order observed for Cu21 moments in most
cuprates, the magnetic Cu21 sublattice in Gd2CuO4 shows a
peculiar weak ferromagnetic or canted antiferromagnetic or-
der around TN(Cu) of 270–280 K, followed with a spin re-
orientation Tsr~Cu) around 20 K which restores the magnetic
structure to a true antiferromagnetic one.5,6 The Gd31 mo-
ments ordered antiferromagnetically at a lower temperature
TN(Gd) of 6.5–7 K.5,6 Since in the T8 phase, the Cu21 en-
vironment consists of only the square-planar CuO4 arrange-
ment with no apical oxygen atoms, the occurrence of weak
ferromagnetism may originate from a small structural distor-
tion that pushes the oxygen atoms in the Cu–O plane away
from the ideal 4(c) sites in the tetragonal space group
I4/mmm .5–8 Recent neutron diffraction study on Gd2CuO4
indicates a long-range superstructure of the T8 phase where
oxygen squares surrounding the Cu sites may rotate slightly
~;5°! along the c axis.9
In the Ce41 electron doped Gd22xCexCuO4 system with
a solubility limit of x;0.15,3 TN(Cu) decreases from 280 to
162 K for Gd1.85Ce0.15CuO4 .4 However, the calorimetric
study indicates that a strong two-dimensional spin fluctuation
and the dynamic short-range intraplanar magnetic ordering
may persist to a much higher temperature than three-
dimensional weak ferromagnetic order temperature at
TN(Cu).4 In the Sr21 hole doped Gd22xSrxCuO4 case with
the solubility limit around x50.1, TN(Cu) remains un-
changed around 280 K for Gd1.9Sr0.1CuO4 .10 In order to fur-
ther study the structural stability and anomalous weak ferro-
magnetism in Gd2CuO4 and related compounds, we report
here the results of trivalent Bi doping in the Gd22xBixCuO4
system.
All Gd22xBixCuO4 samples with nominal compositions
(0<x<0.3) were synthesized by solid-state reaction using
a!Electronic mail: hcku@phys.nthu.edu.tw5360021-8979/99/85(8)/5362/3/$15.00
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~99.9%! powders. Thoroughly mixed powders were well cal-
cined between 900 and 950 °C in air for 1 day with several
intermediate regrindings. The calcined powders were pressed
into pellets, sintered in air at 1000 °C for 2 days, and then air
quenched to room temperature.
Powder x-ray diffraction data were obtained with a
Rigaku Rotaflex 18 kW rotating anode powder x-ray diffrac-
tometer using graphite monochromatized Cu Ka radiation
with a scanning rate of 0.5° in 2u/min. A LAZY PULVERIX-PC
program was employed for phase identification, lattice pa-
rameter calculation, and actual composition. The magnetiza-
tion and magnetic susceptibility measurements were carried
out with a m-metal shielded Quantum Design MPMS2 super-
conducting quantum interference device ~SQUID! magneto-
meter from 350 to 2 K in applied magnetic field from 1 G to
1 T.
The powder x-ray diffraction ~XRD! analysis indicates
that in the Gd22xBixCuO4 system, the single phase T8-~214!
structure persists only up to 5% (x50.1) of Bi substitution
due to different chemistry and larger Bi31 ion size ~1.20 Å!
as compared with smaller Gd31 ion ~1.02 Å!. For x.0.1,
multiphase patterns were observed. Figure 1 shows a typical
XRD pattern of a Bi-doped Gd1.93Bi0.07CuO4 sample, where
all diffraction lines can be well indexed with the T8 body-
center tetragonal ~bct! structure. The variation of the tetrag-
onal lattice parameters a and c with Bi content parameter x in
FIG. 1. Powder x-ray diffraction pattern of Gd1.93Bi0.07CuO4 sample.2 © 1999 American Institute of Physics
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Downthe Gd22xBixCuO4 system is presented in Fig. 2. The basal
plane a parameter increases slightly from 3.896~2! Å for x
50 to 3.899~2! Å for x50.07 and 3.901~2! Å for x50.1.
The tetragonal c parameter increases from 11.894~6! Å for
x50 to 11.908~6! Å for x50.07 and 11.915~6! Å for x
50.1. The unit cell volume V(5a2c) increases from 180.54
Å3 for Gd2CuO4 to 181.32 Å3 for Gd1.9Bi0.1CuO4 , which is
consistent with the estimated volume increase of 0.56 Å3
with nominal 5% Bi substitution ~four Gd31/Bi31 ions per
unit cell!.
The logarithmic temperature dependence of molar mag-
netic susceptibilities for the Gd22xBixCuO4 system (0<x
<0.1) in a moderate applied magnetic field of 100 G is
shown collectively in Fig. 3. In addition to a strong depres-
sion of the magnetization value with progressive Bi doping,
the weak ferromagnetic or canted antiferromagnetic transi-
tion TN(Cu) for Cu21 moments decreases from 282 K for
pure Gd2CuO4 to 270 K for x50.05, 264 K for x50.06, 258
K for x50.07, and 256 K for x50.1. The Cu21 spin reori-
entation ~reoriented from canted antiferromagnetic to true
antiferromagnetic arrangement! temperature Tsr~Cu) of 20 K
remains unchanged in the 100 G applied field. The Ne´el
temperature TN(Gd) for Gd31 moments decreases slightly
from 7 K to around 6.5 K for x.0.05. As a comparison,
TN(Cu) of Ce41-doped Gd1.85Ce0.15CuO4 is 162 K with
Tsr~Cu) of 14 K and TN(Gd) of 5.3 K.4,11
Since the internal field H int(T) associated with weak fer-
romagnetic order in Gd2CuO4 and related compounds is only
of the order ;102 – 103 G,4–6 in order to minimize the influ-
FIG. 2. The variation of the tetragonal lattice parameters a and c with Bi
content x in Gd22xBixCuO4 .
FIG. 3. Logarithmic temperature dependence of the molar magnetic suscep-
tibility for the Gd22xBixCuO4 samples (x50, 0.05, 0.06, 0.07, and 0.1! in a
moderate applied magnetic field of 100 G.loaded 07 Oct 2010 to 140.114.136.38. Redistribution subject to AIP lience of the external field, the magnetic susceptibility of three
Gd22xBixCuO4 compounds (x50, 0.05, and 0.07! was mea-
sured in a low applied field of 1 G ~Fig. 4!. Although TN(Cu)
is relatively field-independent as compared with 100 G data,
the spin reorientation Tsr~Cu) increases from 20 K in 100 G
field to 22 K for x50 at 1 G, and 24 K for x50.05 and 0.07
in 1 G. The Ne´el temperature TN(Gd) for Bi-doped samples
remains field-independent around 6.5 K for x50.05 and
0.07.
The magnetic susceptibility xm(T ,Ba) for the
Gd1.95Bi0.05CuO4 sample in various applied magnetic fields
of 1, 10, 30, 100, and 1000 G is shown collectively in Fig. 5
for comparison. The spin reorientation Tsr~Cu) again is
clearly field dependent and decreases from 24 K in 1 G, to 22
K in 30 G, 20 K in 100 G, and 12 K in 1 kG. The maximum
internal field H int(T) estimated from high-field data is 800 G
for this sample.
Since weak ferromagnetism has been observed only in
Gd2CuO4 and related compounds,7,12 the weak ferromagnetic
order, which results from a nonsymmetric superexchange in-
teraction between Cu21 moments, must be closely associated
with a local distortion of oxygen sublattice in the Cu–O
plane.6–9 The oxygen distortion may change the T8I4/mmm
symmetry to other tetragonal or pseudotetragonal symmetry
with a8;A2a .9,13 A detailed study on the symmetry change
is in progress. Even using the original symmetry with ideal
oxygen 4(c)(0,1/2,0) sites, the preliminary powder x-ray Ri-
etveld refinement on Gd22xBixCuO4 samples (x50 and
0.07! indicates an unusual large equivalent isotropic tem-
FIG. 4. Temperature dependence of the molar magnetic susceptibility for
three Gd22xBixCuO4 samples (x50, 0.05 and 0.07! in a small applied mag-
netic field of 1 G.
FIG. 5. Logarithmic temperature dependence of the molar magnetic suscep-
tibility for Gd1.95Bi0.05CuO4 in applied magnetic fields of 1, 10, 30, 100, and
1000 G.cense or copyright; see http://jap.aip.org/about/rights_and_permissions
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Downperature factor B for oxygen in the Cu–O plane.13 However,
the B factor decreases from 2.24 Å2 for x50 to 1.57 Å2 for
x50.07, suggesting that the degree of oxygen structural dis-
tortion may be closely related to the strength of weak ferro-
magnetic order. Thus the decreases of TN(Cu) ordering tem-
perature and the internal-field related magnetization values
for the Bi-doped compounds might be the results of a less-
distorted T8 phase.
In conclusion, powder x-ray diffraction and magnetic
susceptibility measurements have been performed on the
new Bi-doped Gd22xBixCuO4 system. The T8-~214! phase
solubility region is retained in the narrow range of 0<x
<0.1. Weak ferromagnetic or canted antiferromagnetic or-
dering temperature TN(Cu) of Cu decreases with progressive
Bi doping and the structural distortion of the oxygen site in
the Cu–O plane may be related to the occurrence of weak
ferromagnetic order in the Gd22xBixCuO4 system.
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